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Introduction
Indomethacin, a prostaglandin inhibitor, has been used extensively for nonin vasive clo sure of a hemodynamically important patent ductus arteriosus (PDA) in the preterm in fant. Indomethacin has a constrictive action on the vascular beds of important organ sys tems in the newborn animal and human neo nate [1] [2] [3] [4] , Several studies showed an increase of the resistance of the cerebral vascular bed with a subsequent decrease in brain blood flow up to 40% for at least 1 h after adminis tration of a therapeutic dose of indomethacin to preterm babies [2, 5] , Although immediate significant increases in arterial blood pressure have been reported during indomethacin infusion in experimen tal and clinical studies [6, 7] , the impact of these acute hemodynamic pertubations on the preterm cerebral circulation, which has a vul nerable autoregulation [8] , and on metabo lism, is not well documented.
We therefore monitored cerebral perfusion and cellular oxygenation o f brain tissue in 6 preterm babies, using near infrared spectros copy (NIRS), during and up to 1 h after intra venous infusion of 0.1 mg/kg indomethacin.
Patients and Methods
The study was performed on preterm infants, who received an initial intravenous dose o f 0.1 mg/kg of indomethacin for non in vasi ve closure of PDA. The indomethacin was infused over a 5-min period. The diagnosis o f PDÀ was made on clinical symptoms and radiographic features, and confirmed by Doppler echoeardiographic investigation. Informed parental consent was obtained in all infants. The study was approved by the scientific board o f the Department of Pediatrics.
Oxygenation by NIRS
The head of the neonate is relatively transparent to near infrared light. Hemoglobin (Hb) and cytochrome oxidase (the terminal member o f the mitochondrial respiratory chain) are natural chromophores and both have an oxygenation-dependent absorption in this wavelength region. By selection o f the appropriate wavelength, algorithms have been developed to con vert absorption changes into changes in concentra tion of oxygenated Hb (AHbC^), deoxygenated Hb (AHbR), total Hb (AHbtot = A H b02 + AHbR) and cyto chrome oxidase (ACytaa^) in mmol/1 [9, 10] . Quantifi cation o f the NIRS variables into absolute concentra tion changes presupposes that the pathlength is known. The interoptodc distances in the present study ranged from 5 to 6 cm. The optical pathlength is supposed to be considerably greater than the interoptodc distance, due to significant scattering of light in brain tissue. Similar to earlier studies by others we assumed an opti cal pathlength of 4.4 times the interoptodc distance [9] . The NIRS instrument used (Radiometer, Copenhagen, Denmark), consisted o f four semiconductor laser diodes with wavelengths of 904, 845, 805 and 775 nm. The lasers were operated sequentially, and pulsed with a repetition rate of 500 Hz for 200 ns. We placed the transmitting and receiving optodes on the parietalfrontal regions on both sides o f the head above the ear, Changes in optode position will cause changes in path length which results in absorption changes not related to changes in cerebral blood or tissue oxygenation. We therefore used a proper fixation method of the optodes as described earlier [11] 
Statistical Analysis
For statistical purposes the 4-second interval val ues of ACBV, ACytaa3, mean arterial blood pressure (MABP), tcP02, and tcPCC>2 were averaged per 2-min time interval. Because it appeared from our data (see 'results') that changes in arterial blood pressure during indomethacin infusion might play an important role in the simultaneously detected changes in ACBV and ACytaa3, we evaluated the relation between the various variables during indomethacin infusion (0-6 min) sep arately from those obtained after completion o f the indomethacin infusion (7-60 min).
To investigate which factor(s) was (were) responsi ble for the changes in ACBV or ACytaa^ during indomethacin infusion, we selected those variables which are known to be involved in brain perfusion: MABP, tcPOa and tcPC02. We used the ( Differences between hemodynamic variables and extra oxygen need before indomethacin and at 5, 30 and 60 min were investigated by analysis of variance for repeated measurements followed by Scheffe's F test if statistically significant differences were obtained. To investigate whether or not intraindividual differences between pre-and 12 h postindomethacin hematocrit existed, the Student's t test for paired observations was used, p values of less than 0.05 were considered statis tically significant.
Results
Nine patients were initially included in the study. In 3 of these 9 patients it was not possi ble to obtain reliable NIRS recordings for at least 1 h (2 patients) or reliable blood pressure measurements (1 patient). The remaining 6 patients all met the clinical signs for PDA (characteristic murmur, bounding pulses, hy perdynamic précordium) and Doppler echo-cardiographie investigation confirmed PDA: a diastolic reverse flow in the main pulmo nary artery with a predominantly left-to-right flow through the ductus arteriosus. Moreover, all infants were mechanically ventilated (In fant star, Infrasonics Inc,, San Diego, Calif, USA) and none of them could be weaned from the ventilator. The patient characteris tics of these 6 infants are shown in table 1. During the study period, the infants were sta ble and no major changes in ventilator set tings were necessary, Table 2 (patients 1-5 ) as compared to baseline during indomethacininfusion with an average maximal increase of 0,4 m l/100 g brain tissue, followed by a de crease below baseline in all patients after com pletion of the infusion (average maximum decrease: 0.6 ml/100 g brain tissue). These changes were almost exclusively caused by Mean ± 1 SD 2 7 ,9 ± 2 .3 1,162±450 14.5 ± 7.4 Table 2 . Relationship between ACBV or ACytaa j, and MABP, tcPÖ2, and tcPCOi during Indomethacin Infusion
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We were able to construct significant re gression models for both ACBV and ACytaa3 (p values equations; <0.05 and <0.05). Only MABP appeared to be a significant predictor o f ACBV (partial F value: 8.12, p < 0.05), whereas tcPÛ2 and tcPC02 did not. There was no relation between ACytaa3, and MABP, tcP02, or tcPC02. In both equations (ACBV and ACytaa3) the interpatient variability was not significant. 
Relationship between ACB V or ACytaa j, and MABP, tcPOì, and tcPCOi after Completion of Indomethacin Infusion Onward
Also here we were able to construct signifi cant regression models for both ACBV and ACytaa3 (p values equations; <0.01 and <0.01). MABP, tcP02 or tcPC02 had no in fluence on ACBV or ACytaa3 during the re mainder of the study period. It must be men tioned, however, that MABP, tcP02 and tcPC02 were rather stable during this part of the study. The interpatient variability was sig nificant in both equations (ACBV: F set 40.18, p < 0.0001; ACytaa3: F set 10.51, p < 0.001).
Discussion
Although the magnitude of the individual changes were quite variable, the present study showed that intravenous infusion of indo methacin induced an arterial blood pressurerelated increase of ACBV, whereas after the completion of the infusion ACBV decreased well below baseline in almost all patients. Assuming that normal CBV in these preterm babies is in the order of 2.5-3.5 ml/100 g brain tissue [12, 16] , this means an approxi mately 13% increase and 24% decrease of CBV, respectively. As far as changes in CBV reflect changes in actual brain blood flow, the present study indicates substantial indomethacin-induced swings of brain perfusion in at least some of these preterm babies.
Although indomethacin has been shown to enhance the autoregulatory ability of the neo natal cerebral vascular bed [17] , an initial, arterial blood pressure related increase in brain perfusion during indomethacin infu sion, suggesting lack of cerebral autoregula tion, has not yet been reported. Experimental studies report that the autoregulatory ability of the cerebral vascular bed is already opera tive in early fetal life, but that the autoregula tory range is narrow and resting cerebral per fusion pressure is very near its lower limit [18, 19] . Also in very preterm infants less than 32 weeks of gestation with a postnatal age be tween 12 and 72 h, cerebral autoregulation has been reported, again only over a narrow range (from 32 to 41 mm Hg) of mean arterial pressures [8] . Another study in preterm babies reported similar findings [20] . Although regu latory ability improves with advancing gesta tional and postnatal age and the range of blood pressures at which brain perfusion is constant is higher in more mature newborns [19, 21] , Lou et al. [22] reported that especial ly in distressed (preterm) babies cerebral au toregulatory ability was often impaired. It is less likely that the hemodynamic latory ability of the cerebral vascular bed. In all changes, including the changes in ACBV, were instances a curvilinear fit rather than a linear related to an indomethacin-induced (tranfit might be more appropriate. This is support-sient) ductus arteriosus closure. In earlier studed by the curvilinear fit of the pooled results ies in preterm infants, we found that the clinishown in figure 2b, which in fact show a blood-cal signs of PDA subsided only 4 h after indopressure-independent brain perfusion of be-methacin administration [2, 3] . Moreover, in a tween 3 5 and 42 mm Hg, surprisingly similar very recent study in 20 preterm infants, in to earlier studies in preterm newborns with which we assessed the influence of indomethacomparable gestational age [8] . However, our ein on cardiac and pulmonary hemodynamics, data must be interpreted with caution because it appeared that ductal patency and pulmonary o f the small study population and heterogenic-hemodynamics were not effected after indoity in gestational and postnatal age. methacin treatment until 4 h after its adminisThe subsequent decrease in brain perfu-tration [28] . The (hemodynamic) data shown sion confirms earlier studies in newborn ani-in table 2 also suggest that no important altermals and preterm babies. In all these studies a ations occurred with respect to ductal patency decrease in brain blood flow (velocity) was during the study period. rates of indomethacin to avoid as far as posshowed that cerebral oxygen consumption sible blood-pressure-related acute increases was decreased in hypotensive piglets that in brain blood flow [26] . Furthermore, one were treated with therapeutic dosages of indo-should be aware that an indomethacin-inmethacin. As far as ACytaa3 indicates changes duced decrease in brain perfusion and oxyin cellular oxygenation of brain tissue, our genation in the sick preterm babies may comstudy provides further evidence that the indo-promize cerebral metabolism during periods methacin-induced drop in brain perfusion de-of pulmonary and cardiac instability.
